Abstract-In recent years, the renewable or green energy has been a major focus globally. Moreover, this energy can be like solar and wind which have been increasingly implemented worldwide. However, the adoption of the green energy is still low due to high technological costs and the associated power system issues. The effectiveness of Flexible Alternating Current Transmission System (FACTS) devices in problems that are related to the power systems has been tremendous. Although, there are still relatively limited works on incorporating FACTS devices into green energy plants. The progress of the FACTS application in renewable energy plants has been reviewed in this work. In addition, it has been discovered that FACTS plays an equally effective role in improving the power system quality of green energy plants especially in wind and solar plants. The rate of penetration of green energy could be accelerated if applications of FACTS devices in renewable energy plants were to be more widely adopted.
INTRODUCTION
There has been a global trend towards the utilization of green or renewable energy, which owes much to the rapid consumption of non-renewable power resources. Approximately 1.4 billion people around the world are still disconnected from a basic supply of electricity and it is generally agreed that renewable energy is one of the most viable solutions pertaining to this issue [1, 2] . Renewable energy is generally derived from either solar, wind, hydro, geothermal or biomass. Upon generation, the green energy will then be distributed to the end-users via the main power grid or standalone distributed generators that are connected to the main grid. However, because the investment involved in producing renewable energy is high [3] , the level of penetration of such energy market is still relatively low. The application of green energy is still confined in cities where are concentrated on the developments and funds.
Furthermore, there have been applications of remote renewable energy technologies such as solar photovoltaic (PV) systems, micro-hydroelectric systems, wind-hybrid systems as well as biomass gasification systems in rural areas in several countries in Latin America, Africa and South and Southeast Asia [4] [5] [6] . The off-grid electrification method is advantageous, especially when the grid extension is not economically or environmentally viable [7] [8] [9] .
On the other hand, after the establishment of these green energy technologies, the main issue of concern is the reliability, which is characterized as the power quality of the supplied energy. The efficiency of green power generators must be higher than continuation sources due to the irregularities of green energy sources such as solar and wind. These issues must first be overcome before penetration of green energy can be enhanced. (DPFC) . These were designed to perform the some tasks such as power flow control, voltage adjustment, reactive power compensation, transient and voltage satiability improvement, transmission capability enhancement, power conditioning, power quality improvement and interconnection of renewable and distributed generation and storages [10] .
The impacts of FACTS devices occurred by switching or controlled shunt compensation, series compensation or phase shift control. These devices work electrically as fast current, voltage or impedance controllers. An example of FACTS for shunt compensation is shown in Fig 1. The power electronics allow for very short reaction times down to far below one second. FACTS device is used for long distance AC transmission lines and the AC system performance [11] , [12] . Moreover, FACTS can be in interconnected power systems' technical problems solving. Much research has been done in this area to improve existing FACTS devices, develop new FACTS devices and optimize allocation of FACTS in power system and consequently enhance power system security. Recently, FACTS have been gaining a more prominent role in renewable energies such as solar, wind, wave and etc in order to solve power system problems by performing the above-mentioned tasks [13] . A significant amount of research has been focused on maximizing the efficiency of extraction of green energy from renewable resources. The results of implementation of FACTS in renewable energy plants, which are mostly based on simulations, seem to be encouraging. Therefore, the objective of this paper is to review and discuss the applications of FACTS devices in various types of green energies especially wind and solar.
II. ROLES OF FACTS DEVICES IN WIND ENERGY SYSTEMS
All kinds of renewable energy sources, which are considered as an alternative of fossil fuels in the future, can produce unforeseen troubles as they are connected to the main power grid. Because of the nature of these resources, fluctuation is the commonest issue of them. This issue of fluctuation is most severe in wind energy plants because the speed of wind is an unpredictable phenomenon. The power which is obtained from wind turbine has several controversial problems, such as active and reactive power, voltage swell, voltage sag, flickers, harmonics, power quality and electrical behavior of switching operation [11] .
Most of the available wind turbines are connected to the induction generators. Voltage of a grid at the point of common coupling (PCC) determines the amount of converted power. At the time of fault, voltage drop will be seen at the PCC and the speed of the induction generator will increase because of the unbalance between shaft torque and the generator's electromagnetic torque. During this period more reactive power will be drawn by the induction generator and consequently, leads to voltage collapse in PCC [12] .
On the other side, modern power systems have faced serious troubles, such as regulating voltage, control of power flow, damping of power oscillation, transient stability and so on [14] .
Therefore Flexible AC transmission systems (FACTS) devices are a proper solution for power quality problem. This is because they have fast active and reactive power compensations, which can be an acceptable alternative of previous techniques. Consequently, they are able to support voltage and control over power flow. Furthermore, they are capable of enhancing transient stability and improving damping of power oscillations as shown in Fig 2 [14] .
Figure 2: Grid connected FACT system for power quality improvement [14] FACTS controllers are usually based on power devices with gate turn-off or thyristor devices without gate turn-off capability. The growth of power semiconductor equipment with capability (GTO, MCT) have had great influence in the FACTS devices development. FACTS devices play an important role to make the generation of electrical energy more economically. Also they are compliant with the environment [15] . FACTS controllers can be used for the impedance and phase angle of high voltage AC transition's lines and the dynamic voltage control. Among above-mentioned categories, the shunt FACTS devices like Static Synchronous Compensator (STATCOM) is the most popular one to supply smooth swift steady state and transient voltage control over the grid [14] .An evaluation of the application of a STATCOM which is equipped with doubly fed induction generators (DFIGs) in a wind mill at the time of disturbance have been done in [16] .
In addition, FACTS devices in series co regulate active and also reactive power. St Series Compensator (SSSC) is one of these inject inductive or capacitive impedance co line at PCC. Moreover, if the SSSC is des could have an acceptable performance in da at low frequency power in the grid as shown In fact, the purposes of connecting the the SSSC to the power system in wind transition's congestion, controlling dynami transmission lines and managing power os [14] . Results of simulation in [14] indicate devices raise the quality of the performance and also the grid in the transient disturbances A wind farm will definitely face numero voltage control, the steady state of active an feed in capability and dealing with fault du low and high-voltage-ride-through (LVR During grid faults, new grid regulations sho farms to remain connected to the grid wh grid voltage at the same time [18] .
Voltage swell is an important occurr caused either by the switching off large load of large capacitance banks [19] . When dou generators (DFIG) are used; operation in cas be complex since the stator connected to whereas the rotor is connected through the co of destruction is significantly increasing w equipment to reduce the level of voltage reason why most of the wind turbines in automatically disconnected from the network again after clearing the fault. In Fig 4 there system with DFIG. onnection can also tatic Synchronous e devices that can mpensation into a igned perfectly, it amping oscillation in Fig 3 [17] . mping controller [16] e STATCOM and farm are; easing ic power flow in scillation damping e that the FACTS e of the wind mill s period. ous issues such as nd reactive power uring behavior like RT, HVRT) [18] .
ould require wind hile stabilizing the rence that can be ds or switching on ubly fed induction se of grid fault will the grid directly onverter. The peril when there is no fault. That is the n wind farms are k and reconnected e is a wind turbine DFIG Instead of enhancing components and equipments a devices can be used alternative in the wind generator [18] . A can be categorized in s compensation apparatus. Dyn and the (STATCOM) are both converter concept, are the most DVR is a power electronic app series with the load to protec [18] .
Strategic positioning of DVR and SVC have a key role stability and decreasing losses the best place for FACTS equip Nowadays distributed operato heuristics optimization meth computational processes and th solution is the most important a Genetic Algorithms (GA) is an effective method used for system because these methods capability to reach optimal problem space and robustness based on GA for finding optim power plant has been implemen [20] . A method mal place of FACTS in a wind nted in as shown in Fig 5 [20] .
of optimization algorithms.
Considering the increased construction of wind farm in power system and its fluctuation nature, it is important to have an uninterrupted power supply. Some difficulties such as voltage regulation control of power flow and damping power oscillation should be noticed in power originated from windmill. Capacitor banks have been used as a reactive power compensator for several decades. Alternatively FACTS devices can be used to provide active and reactive power compensation. Moreover, they can support voltage and increase power oscillation damping [21] .
As it mentioned before, selection of optimum place throughout the planning step has a positive influence on efficiency of reactive power, arrangement of an optimum regulation of the voltage set point at the point of generators connection and at the VAR setting in the period of reactive power dispatch [22] , [23] . On the other hand, FACTS equipment is a rational option to enhance voltage stability through influencing power flows and improvement in the voltage profile [22] .
There isn't many-focused research in the context of raising the uninterrupted wind energy into the grid based on optimization methods; especially in recent techniques like Particle Swarm Optimization (PSO) by incorporating FACTS controllers. A straightforward methodology of implementation of FACT devices with optimization algorithms is presented in the figure 6. [24] . Finally, to increase the penetration of wind energy into the grid, in addition to use appropriate optimization algorithm, dynamic modeling of the wind and its turbines is essential.
III. ROLES OF FACTS DEVICES IN SOLAR ENERGY SYSTEMS
There are some incentives in the European Union (EU) such as security of energy supply, electricity market and environmental issues that may have major effects on the operation of power system [25] . Reliable integration of wind and solar energy with power system is one of the main problems for EU transmission grid [25] .
At the transmission level, FACTS synchronous condensers will reduce the sags as the biggest customer power-quality problem with providing instantaneous support of voltage [26] . The voltage depressions which are created by transmission system faults will be reduced by fault current limiters, while the transient over-voltages will be limited by synchronous switching [26] .
A novel research [27] has been reported on the nighttime usage of a PV solar farm (when it is normally down) where a PV solar farm is utilized as a STATCOM (a solar farm shown in Fig. 7 ). In recent years, renewable energy such as PV systems is positively introduced into power systems to reduce the emission of CO 2 which are pollutants emitted by fossil-fuelled energy plants. However, just like wind plants, the output of such generation units are severely affected by the changes of weather conditions [30] .
One identified common problem is partial shading whereby the solar panels are partially blocked by shadows cast either by clouds, trees and building blocks [31] . When one of the modules, which are connected in series within the solar panel, is shaded, the current flowing through this module will be forced to drop. Hence the excess current is lost as heat. In other words, overheating of the solar panels has take place. Usual practice to address this issue is by adding bypass diodes to channel the excess current away from the modules hence protecting them from damage by overheating. However, perhaps in future researches, FACTS device such as UPFC can be connected across the modules instead of bypass diodes. The main idea is that rather than losing away the excess currents across the bypass diodes, it would be better for them to be stored and regulated by UPFC.
The solar power radiated from the sun and received by the earth's surface is about 86,000 TW. According to a rough estimation, current global power consumption can be sustained by installing solar collectors spanning over 0.22% of our planet [32] .
Different configurations of FACTS may give rise to different applications. Depending on the type and rating of the selected device , specific voltage level and local network conditions, a transmission capacity enhancement of up to 40-50% may be achieved by installing a FACTS element [33] . This should be made achievable in solar transmission of solar energy either to the grid or directly to the end user because one huge obstacle of connecting solar energy sources into the transmission grid is the issue of transmission capacity.
To increase the available power transfer limits/capacity (ATC) of existing transmission line, series compensation and various FACTS devices are being proposed [11] . In an extreme situation new lines may need to be constructed at a very high cost [34] . Again, researches should be conducted on the feasibility of improving ATC of solar plants using FACTS devices.
The allocation of FACTS devices in solar energy plants can perhaps be determined using the Bees Algorithm (BA) to maximize the Available Transfer Capability of power changes between sink and source areas in the system [35] . FACTS types, parameters and locations are searched by the algorithm at the same time. The three types of FACTS devices that are studied in this paper are the Thyristor Controlled Series Compensator (TCSC), Static Var Compensator (SVC) and Thyristor Controlled Phase Shift Transformer (TCPST).
To evaluate the ATC within the range of the line's FACTS, voltage and thermal limits a repeated power flow with FACTS power devices were done. The effectiveness of the algorithm is tested by an IEEE30 bus system as an optimization tool to enhance ATC. To validate the BA another algorithm, Genetic Algorithm GA was made into play.
FACTS devices that are located in the right way can give a boost to ATC and BA. Figure 9 : Characteristics of BA and GA convergences [35] . Fig 9 shows the convergences characteristics of the fitness of the BA and GA and it is obvious that BA effectively allocates the devices as GA. Other than that, with a higher value of ATC, BA can reach for the best solution faster than GA. As a whole, BA is better in finding the location of to install the FACT devices to improve ATC a bit better than GA. The BA has shown to be exceptionally good in terms of remarkable robustness, in maximizing the ATC, effectiveness in the new approach of simultaneously optimized FACTS location and its practicality in large power systems. BA beat GA in performance of speed optimization and accuracy [35] .
IV. CONCLUSIONS
The powerful role of FACTS in improving power system quality has been acknowledged by global power industry players. However, incorporation of FACTS devices into renewable energy plants is promising because the strength of FACTS devices such as improving transient stability, providing voltage ride-through and regulation of power flow are needed in solar, wind and hydro plants. Nonetheless, FACTS have to be properly designed before being specifically applied to any green energy plants since uncertainties such as weather condition affects the efficiency of these plants. The success of improving penetration of the renewable energy market is highly dependent on the integrity and efficiency of renewable energy plants.
By incorporating FACTS devices into these renewable energy systems, the result is improved power system reliability and the penetration of green energy can be enhanced.
